Transformation of avian embryo neuroretina (NR) cells by
Rous sarcoma virus (RSV) is accompanied by major changes in regulation of cell growth; NR cells, which normally do not proliferate in vitro, are induced to divide for several generations (47) . Transformed NR cells also exhibit tumorigenic potential when assayed in immunodeficient hosts (50) .
The v-src gene of RSV contains the genetic information responsible for the transforming and tumorigenic properties of this virus (27) . The mitogenic property of RSV in NR cells also depends on the expression of a functional v-src gene (13) . The only product of v-src is a 60,000-molecular-weight phosphoprotein, p60v-src, which is a membrane-bound tyrosine kinase (9, 17, 18, 20, 30, 34, 38, 39) . Therefore, the tumorigenic, transforming, and mitogenic effects of RSV are all controlled by this unique protein.
We have described several conditional variants of RSV, encoding mutant p60vsrc proteins, which induce NR cell proliferation in the absence of morphological transformation (13) (14) (15) . Moreover, the mitogenic property of RSV can be expressed in the absence of anchorage-independent growth and in vivo tumorigenicity (14, 50) . Dissociated expression of transformation parameters was also observed in cells infected with other RSV mutants (2, 3, 60) . These results suggest that p60vsrc interacts with multiple cellular targets and raise the possibility that this protein is composed of functionally independent domains.
To identify the putative domain(s) of p60vsrc which may be essential for the induction of NR cell proliferation, we examined the mitogenic property of RSV mutants bearing deletions within the v-src gene.
We report here the isolation of dIPA105, a spontaneous variant of Schmidt-Ruppin Rous sarcoma virus, subgroup E (SRE), with a 278-base-pair (bp) deletion in v-src, which retains the capacity to induce proliferation of quail embryo NR (QNR) cells. Sequence analysis of the mutant v-src gene indicates that a major portion of the amino moiety of p60v-src * Corresponding author.
is dispensable for the mitogenic function of RSV. The transformation properties of dlPA105 proved unusual among RSV mutants and are described in an accompanying paper (51) .
MATERIALS AND METHODS
Cell cultures and viruses. QNR cell cultures were prepared from 7-day-old Japanese quail embryos (Coturnix coturnix Japonica) as previously described (48) . QNR cells were maintained in a Eagle basal medium supplemented with 5 to 10% fetal calf serum.
Quail and turkey embryo fibroblasts (QEF and TEF, respectively) were prepared from 10-day-old embryos by standard procedures. Q56/3B is a clone of QEF established in culture after transformation with SRE. These cells continuously produce sarcoma virus free of transformationdefective (td) particles (42) .
Q3B is a line of QEF transformed by in vitro treatment with the mutagen N-methyl-N'-nitro-N-nitrosoguanidine (M. Hill, personal communication). All fibroblast cultures were propagated in Eagle minimum essential medium supplemented with 10% tryptose phosphate broth, 3% newborn calf serum, 3% fetal calf serum, 2% chicken serum, and glucose (1 mg/ml). 
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Analysis of viral RNA. Virions were pelleted from 200 ml of clarified culture medium at 100,000 x g. Viral RNA was extracted and purified as previously described (42) . After denaturation by the glyoxal-dimethyl sulfoxide method (43) and electrophoresis in 1% agarose gel, RNA was transferred on diazobenzyl-oxymethyl paper (1) Immunoprecipitation and protein analysis. Antiserum directed against p60v-src was prepared by the method first described by Brugge and Erikson (9) . A single lot of serum, obtained from a tumor-bearing rabbit (TBR) 8 weeks after inoculation with 106 focus-forming units of Schmidt-Ruppin RSV, subgroup D, was used in these experiments. Proteins solubilized in RIPA buffer were incubated with an excess of antibodies, and the immune complexes were bound to protein A-Sepharose and washed with RIPA buffer as previously described (32) .
Immunoprecipitates were treated as previously described (49) and were analyzed by electrophoresis in sodium dodecyl sulfate-polyacrylamide gels (35 Ind.), and peptide maps were generated as described by Levinson and Levin (37) . Gel slices containing v-src proteins were cut out, incubated three times for 15 the eluted tryptic peptides were pooled and lyophilized at least three times. The lyophilisate was hydrolyzed in 200 ,ul of 6 N HCI at 110°C for 2 h. After two cycles of washes with 100 ,ul of H20 and subsequent lyophilization, the samples were dissolved in a marker mixture containing phophoserine, phosphotreonine, and phosphotyrosine, each at 1 mg/ml. The hydrolysates were resolved in two dimensions on thin-layer cellulose-coated plates (Merck & Co., Inc., Rahway, N.J.) first by electrophoresis toward the anode at pH 1.9 (750 V for 150 min) and then by electrophoresis toward the anode at pH 3.5 (1,000 V for 60 min). Phosphoamino acid markers were stained with ninhydrin. (Fig. 1A) . The Digestion of DNAs from Q56/3B cells and from mutantvirus-infected QNR cells with PvuI, which cuts the proviral DNA in the long terminal repeats, generated single fragments of 9.8 and 9.5 kbp, respectively, hybridizing to pSRA2 probe (Fig. 3A) . This fact indicates that QNR cells infected with dlPA105 contain only one detectable species of provirus the genome of which is slightly smaller than that of SR-RSV-E. EcoRI digestion shows that the fragment of dlPA105 proviral DNA containing the v-src gene carries a deletion of about 300 bp (Fig. 3B) . Finally, the digestion of wild-type and mutant proviral DNAs with SmaI indicates that the 300-bp deletion is located within the 1.5-kbp SmaI fragment of wild-type proviral DNA, which includes the 3' and 5' regions of the env and v-src genes, respectively (Fig. 3C) . The fact that QNR cells productively infected with dIPA105 harbor only one proviral species indicates that the 300-bp deletion does not affect the genes necessary for replication and that it is likely to be located wholly within the v-src gene.
RESULTS AND DISCUSSION
Characterization of mutant v-src gene product. Lysates of 32P-labeled QNR cells infected with Rous-associated virus 60, SRE, or dlPA105 were immunoprecipitated with serum raised in TBR, and immune complexes were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 4A) Newly synthesized p60v-src molecules become associated with two cellular phosphoproteins, pp9O and pp50, before they are transported to the plasma membrane. This complex is stable under conditions used for immunoprecipitation, and both ppSO and pp9O coprecipitate with p6Ov-src (5, 6, 8, 19, 44) . Comparable levels of the two phosphoproteins were detected in lysates of QNR cells infected with both wild-type virus and dlPA105, indicating that the deletion in the v-src gene product does not impair the formation or the stability of its association with pp9O and pp50 (Fig. 4A) .
Partial hydrolysis of p60v-src with S. aureus V8 protease yields four peptides of 34,000, 26,000, 18,000, and 16,000 molecular weight, designated Vl, V2, V3, and V4, respectively (4, 16, 30) protease partial digest patterns of 32P-labeled p60vsrc and p,45SrC.
Infected QNR cells were labeled with 32Pi for 4 to 5 h, and cell extracts were immunoprecipitated with TBR serum. Gel bands containing p60v-sc (lane 1) and p45v-src (lane 2) were loaded on a sodium dodecyl sulfate polyacrylamide gel (12% polyacrylamide). S. aureus V8 protease (50 ,ul of a 10 ,ug/ml solution) was added in each slot. The gel was run at 5-mA constant current. (B) Phosphoamino acid analysis of peptides generated by partial proteolytic digestion of p45v-src. Gel slices containing the phophopeptides ppl, pp2, and pp3
were hydrolyzed, and phosphoamino acids were resolved by twodimensional electrophoresis as described in the text. (10 ,ug/ml) , and the digestion products were separated on a 12% polyacrylamide gel. Digestion of wild-type p60v-src yields the four phosphopeptides Vl, V2, V3, and V4. Digestion of p45v-src generates three phosphopeptides, designated ppl, pp2, and pp3. Phosphopeptide ppl comigrates with the V2 fragment of p60vsrc, whereas pp2 and pp3 are much smaller (less than 5 kilodaltons). This suggests that the carboxy moiety of p45v-src is intact and that the deletion lies within the NH2 portion of the molecule that is common to peptides Vl, V3, and V4. Determination of the phosphoamino acid composition of each of the p45Svsrc-derived peptides has shown that ppl contains both phosphoserine and phosphotyrosine, whereas pp2 and pp3 contain only phosphoserine ( Fig. SA and B) . p60v-src phosphorylates the heavy chain of immunoglobulin G (IgG) in immunoprecipitates with TBR serum (17, 38) . This enzymatic activity has been mapped to the carboxyterminal half of the molecule since (i) upon proteolysis of p60v-src it can function as a protein kinase (7, 36) and (ii) RSV mutants with deletions in the NH2 half of p6Ov-src retain phosphorylating capacity (21) . This in vitro assay was used to compare the kinase activities of wild-type and mutant v-src gene products. The kinase activity of p45 -src encoded by dIPA105 is similar to that of wild-type p60v-sr, (Fig. 4B), indicating that the catalytic domain of the mutant protein is intact.
The v-src gene product of wild-type RSV is covalently bound to myristic acid (11, 12, 25, 54, 55) . The binding of myristic acid presumably plays a role in the attachment of p60vsrc to the plasma membrane, since mutant p60v-src proteins which are not myristylated are also defective for membrane association (10, 22, 46) . The myristylation site has been localized to glycine 2. The signal for myristylation resides in the amino terminus of p60vs-rc between amino acids 1 and 15 (22, 31, 45, 54) .
QNR cells infected with either wild-type virus or dlPA105 were labeled with [3H]myristic acid, and the v-src gene products were immunoprecipitated with TBR serum. Both wild-type and mutant v-src proteins are labeled equally with myristic acid (Fig. 4C) . These results show that myristylation of v-src proteins is not unique to fibroblasts. In accordance with the proposed role for this fatty acid, we have also shown that the mutant protein is bound to the plasma membrane (51 The events generating dlPA105 from td RSV/Q3B seem to be specific to QNR cells, since supernatants of QEF or TEF infected with the parental stock never showed evidence of harboring a mitogenic viral component. To determine which alternative is likely to be correct, it is necessary to repeat these experiments with a molecular clone of the virus with the 200-bp deletion.
